This study separately assessed the associations of maternal and paternal psychological distress during pregnancy with early growth in preschool children. The study was based on data from a population-based cohort study involving 5,283 children and their parents (with data collected beginning in early pregnancy) in Rotterdam, the Netherlands, from 2002 to 2006. Information on parental psychological distress (symptoms of depression, anxiety, hostility, and family stress) was obtained by questionnaire in the second trimester of gestation by using the Brief Symptom Inventory and the "general functioning" subscale of the McMaster Family Assessment Device. Child height, weight, and body mass index (weight (kg)/height (m) 2 ) were measured repeatedly from age 3 months to age 4 years. We observed no consistent associations between overall maternal psychological symptoms, depression, anxiety, or hostility and child height, weight, or body mass index after adjustment for confounders. All maternal psychological distress scores were positively associated with the risk of overweight in childhood; however, these associations attenuated toward the null and became nonsignificant after adjusting for potential confounders. We did not observe consistent associations between paternal psychological distress and growth in childhood. These results indicate that social, behavioral, or environmental factors that cluster with parental psychological distress may explain the previously suggested associations between maternal psychological distress and early childhood growth and risk of overweight.
The prevalence of overweight in children has increased dramatically over the last few decades (1, 2) . A growing body of evidence suggests that overweight in childhood may be partly programmed during fetal life as a result of adverse fetal exposures, such as maternal undernutrition, diabetes, and smoking (3) (4) (5) . It has been hypothesized that maternal psychological distress during pregnancy also leads to growth and developmental adaptations during fetal life and childhood (6) (7) (8) (9) (10) (11) . There is some initial evidence of associations between maternal psychological distress during pregnancy and growth and overweight in childhood, but previous studies have shown mixed results (12) (13) (14) (15) (16) (17) . Maternal psychological distress during pregnancy may lead to fetal and postnatal growth adaptations in offspring through direct intrauterine mechanisms. Maternal psychological distress might cause a dysregulation of the maternal hypothalamicpituitary-adrenal axis with a corresponding increase of maternal cortisol levels (18) . Fetal exposure to elevated levels of cortisol can lead to fetal hypothalamic-pituitary-adrenal axis dysregulation and may subsequently affect fetal development and growth in childhood (19) (20) (21) (22) (23) . However, the associations between maternal psychological distress and growth in childhood might also be explained by nonintrauterine mechanisms or social, behavioral, or environmental factors within families. The common approach used to assess confounding or nonintrauterine mechanisms is the adjustment of statistical models for the potentially related variables. However, in observational studies, residual confounding by nonintrauterine mechanisms can never be completely ruled out. In our study, we were able to assess separately the roles of maternal and paternal psychological distress in childhood growth. Stronger effect estimates for maternal psychological distress than for paternal psychological distress might suggest intrauterine effects, whereas similar effect estimates for both parents would indicate that the association may be driven by shared social, behavioral, or environmental factors (24) .
Therefore, the aim of the present study was to assess separately the influences of maternal and paternal psychological distress during pregnancy on growth in early childhood as measured by height, weight, and body mass index (BMI) (weight (kg)/height (m) 2 ).
MATERIALS AND METHODS

Study design
This study was based on data from the Generation R Study, which is a population-based cohort study in Rotterdam, the Netherlands, that collects data beginning in fetal life through young adulthood (25) . All children in our study were born between April 2002 and January 2006. Assessments during pregnancy and childhood comprised physical examinations, ultrasonography, biological sampling, and parent questionnaires. The study was approved by the Medical Ethics Committee of the Erasmus Medical Center, Rotterdam, the Netherlands (no. MEC 198.782/ 2001/31). Written informed consent was obtained from all parents.
Study participants
A total of 8,880 mothers were enrolled in the study during pregnancy (Figure 1 ) (25) . After the exclusion of mothers with twin pregnancies, those who had miscarriages, and those who lived outside the study area, 7,490 mothers were eligible. An additional 666 mothers were lost to follow-up or excluded because of lack of consent for the postnatal phase of the study. For 1,541 children, no information on maternal psychological distress or on child weight and height was available. Overall, 5,283 children (70.5% of the eligible sample) were included in the study.
Maternal and paternal psychological distress
Information on maternal and paternal psychological distress was obtained through questionnaires that were mailed to participants and completed at approximately 20 weeks of gestation. Both mothers and fathers completed the Brief Symptom Inventory, which is a validated self-report questionnaire consisting of 53 items (26) . These items include a broad spectrum of psychological symptoms that subjects may have experienced in the preceding 7 days. A global index (Global Severity Index) and 3 symptom scales (for depression, anxiety, and hostility) were defined (26) . The Global Severity Index is a measure of the current severity of symptoms and denotes overall psychological symptoms.
Each item was rated on a 5-point unidimensional scale indicating to what extent the symptom was experienced in the preceding 7 days. The scale ranged from "0" (not at all) to "4" (extremely). A score was provided for each symptom scale by summing the item scores and dividing the results by the number of reported symptoms. This produced scores ranging from 0 to 4. Higher scores represented an increased occurrence of overall psychological symptoms, depression, anxiety, or hostility. Moreover, psychological symptoms of parents were dichotomized (into "yes" or "no" categories) by using the following cutoffs derived from an outpatient sample of a Dutch population: 0.71 for mothers and 0.66 for fathers on the overall psychological symptoms scale; 0.80 for mothers and 0.71 for fathers on the depression scale; 0.71 for mothers and 0.65 for fathers on the anxiety scale; and 0.55 for mothers and 0.54 for fathers on the hostility scale (27) . In the current study, internal consistencies (reported as Cronbach's α) for the different scales ranged from 0.73 to 0.96 for mothers and from 0.65 to 0.94 for fathers. Family stress was assessed by using the "general functioning" subscale of the McMaster Family Assessment Device. The general functioning subscale is a validated self-report measure that assesses 12 items indicating the overall health and pathology of a family (28) . Six of the items describe healthy functioning (e.g., "In times of crisis, we can turn to each other for support."). The other 6 items describe unhealthy functioning (e.g., "There are a lot of unpleasant and painful feelings in our family."). Parents were asked to rate how well each item described their families by selecting from 4 responses: strongly agree, agree, disagree, or strongly disagree. The scores were summed and divided by 12, yielding a total score ranging from 1 to 4. A general functioning score of >2.17 denotes high family stress (28). Cronbach's α for the internal consistency of general functioning items was 0.90 for mothers and 0.86 for fathers.
Early childhood growth
Early childhood growth was measured at the ages of 3 months, 6 months, and 1, 1.5, 2, 3, and 4 years by staff at community health centers according to a standard schedule and procedures. Body length was measured to the nearest millimeter in the supine position by using a neonatometer until the age of 14 months; thereafter, height was measured in a standing position by using a Harpenden stadiometer (Holtain, Ltd., Crymych, Dyfed, United Kingdom) according to current practice in the Netherlands. Weight was measured by using a SECA888 digital scale (Seca, Almere, the Netherlands). By using standard procedures, we obtained age-and sex-specific BMI z scores for each child on the basis of how his or her BMI value compared with the national referent population (29) according to the Growth Analyzer program (available at http://www.growthanalyser. org). We selected the most recent BMI measurement for each subject to determine BMI group. At a median age of 3.8 years (interquartile range, 3.1-3.9 years), we defined overweight as a BMI z score of between 1.10 and 2.30, obesity as a BMI z score greater than 2.30, and underweight as a BMI z score lower than −1.80 (30, 31) .
Covariates
Parental information on age, highest level of educational attainment ( primary, secondary, or university education), ethnicity (Dutch, Surinamese, Turkish, Moroccan, Cape Verdian, and others), maternal parity (0, ≥1), and partner status (living with or without a partner) was obtained by questionnaire at enrollment (median gestational age, 15 weeks; range, 11-17 weeks). Maternal and paternal weight and height were measured during the first visit to the research center at enrollment and BMI was calculated. Maternal weight was measured repeatedly in each trimester. Weight gain during pregnancy was calculated as the difference between weight at enrollment and weight in late pregnancy (median gestational age, 30.4 weeks; range, 25.1-39.2 weeks). Information about maternal smoking and alcohol use during pregnancy was obtained by questionnaire in each trimester. On the basis of these questionnaire responses, maternal smoking and alcohol use were categorized as "no," "until pregnancy was known," or "continued during 540 Guxens et al.
pregnancy" (32) . Information on gestational age, sex, birth weight, and birth length was obtained from midwife and hospital registries.
Statistical analysis
We performed multiple imputation of missing values for the covariables for the included subjects (n = 5,283). We used chained equations in which 5 completed data sets were generated and analyzed by using the standard combination rules for multiple imputation (Web Table 1 , available at http://aje.oxfordjournals.org/) (33, 34) . The percentage of missing values was low (<10%) except for paternal variables (ranging between 20.7% and 27.5%), weight gain during pregnancy (20.5%), and birth length (32.7%) (Web Table 2 ). Distributions in imputed data sets were similar to those in sets of observed data (Web Table 2 ).
First, we described the maternal, paternal, and child characteristics according to child BMI groups (underweight, normal weight, overweight, and obese) by using means (standard deviations) or proportions, with χ 2 or analysis of variance tests. Second, we used generalized estimating equations to examine the longitudinal effects of each of the maternal and paternal psychological scales on child height, weight, and BMI measurements from the age of 3 months to 4 years. These models took into account the correlations between repeated measurements within the same subject. We used an autoregressive matrix because we assumed that observations made at closer time points were more correlated than those made at time points farther apart. All models were adjusted for the following variables, which were selected a priori on the basis of previous studies (1, 35): maternal educational level; ethnicity; age; smoking during pregnancy; alcohol consumption during pregnancy; parity; partner status; maternal and paternal BMI; and gestational age at enrollment. Covariates were first entered into the model one at a time to test the individual confounding effect of each variable, and finally all variables were entered at the same time into the fully adjusted models. Third, we used offspring BMI measured at approximately 4 years of age as a categorical outcome variable (normal weight and underweight children vs. overweight and obese children), and we used logistic regression models to examine the relationship between the maternal and paternal psychological distress scales and the risk of overweight in childhood. All models were adjusted for the variables previously described. Odds ratios were compared between mothers and fathers for each psychological distress scale by using the method of Altman and Bland (36) . This method yielded a ratio of odds ratios with a confidence interval and tested whether the odds ratios from the subgroups (mothers vs. fathers) were significantly different from each other.
Finally, we performed sensitivity analyses to assess the robustness of our results. We reanalyzed the associations between maternal psychological symptoms and growth in childhood among mothers and children who had available data on paternal psychological distress to assess whether the differences between maternal and paternal models were caused by different sample sizes. We also repeated all multivariable-adjusted models in the Dutch population subgroup to exclude the role of ethnicity. (We were not able to repeat the analyses in the other ethnic groups because of small numbers in these groups.) All multivariable-adjusted models were also rerun after excluding underweight children, after excluding underweight women, and after adjusting for birth weight and birth length. Statistical tests of hypotheses were 2-tailed with significance set at P < 0.05. Statistical analyses were conducted by using Stata, version 11.0, software (StataCorp LP, College Station, Texas).
RESULTS
When children were approximately 4 years of age, 2.1% were underweight, 82.9% were of normal weight, 12.9% were overweight, and 2.1% were obese. Overweight and obese children were more likely to have parents who were overweight and obese, less educated, and non-Dutch (Tables 1 and 2 ). Also, the proportion of girls was higher among overweight and obese children (Table 3) . Distributions of maternal and paternal psychological distress during pregnancy are shown in Web Table 3 . Correlations between maternal and paternal psychological distress scales were low (r < 0.30) (Web Table 4 ).
In the unadjusted models, maternal overall psychological symptoms, depression, and anxiety were negatively associated with body length at 3 months of age and with height at 4 years of age (P < 0.05) (Figure 2 and Web Figures 1-3) . Moreover, maternal overall psychological symptoms, depression, anxiety, and hostility were positively associated with offspring BMI at ages 3 months and 6 months (P < 0.05) (Figure 2 and Web Figures 1-3 ). The level of family stress reported by mothers was also positively associated with child weight from age 3 months to age 1.5 years and with child BMI at almost all ages between 3 months and 4 years (Web Figure 4) . However, after adjustment, only the association of maternal depression symptoms with body length at age 3 months and the association of maternal family stress with child weight and BMI at certain ages remained significant (Web Figures 1-4) .
Regarding paternal psychological distress, we found some isolated and inconsistent associations with child anthropometries, such as higher overall psychological symptoms and depression with lower BMI at age 1.5 years; higher anxiety symptoms with shorter body length at age 6 months; higher hostility symptoms with higher weight at age 4 years; higher family stress with shorter body length at age 3 months; and higher family stress with higher BMI at ages 3 months and 6 months (data not shown).
Logistic regression models showed that maternal overall psychological symptoms, depression, anxiety, hostility, and family stress were positively associated with the risk of overweight in children at age 4 years (Table 4) . However, these associations attenuated toward the null and became nonsignificant after adjusting for maternal ethnicity. Additional analyses of dichotomized depression symptoms indicated that children of mothers who were classified as clinically depressed had greater odds of becoming overweight compared with children of mothers who were not classified as clinically depressed (odds ratio = 1.62, 95% confidence interval: 1.25, 2.09). The association was weaker and not statistically significant in the fully adjusted Prenatal Psychological Distress and Child Growth 541 models (odds ratio = 1.08, 95% confidence interval: 0.81, 1.43). Among fathers, family stress was the only variable positively and significantly related to child overweight in unadjusted models. However, it became nonsignificant after adjusting for potential confounders (Table 2 ). There were no differences between mothers and fathers in the effect of 2 . b "Underweight" was defined in children as a BMI z score lower than -1.80 compared with the national referent population and in mothers as a BMI of <18.5.
c "Normal weight" was defined in children as a BMI z score of between -1.80 and <1.10 compared with the national referent population and in mothers as a BMI of 18.5-<25.
d "Overweight" was defined in children as a BMI z score of between 1.10 and 2.30 compared with the national referent population and in mothers as a BMI of of 25-30. e "Obese" was defined in children as a BMI z score greater than 2.30 compared with the national referent population and in mothers as a BMI of >30.
f Weight gain during pregnancy was calculated as the difference between weight at enrollment and weight in late pregnancy (median gestational age, 30.4 weeks; range, 25.1-39.2 weeks). . b "Underweight" was defined in children as a BMI z score lower than -1.80 compared with the national referent population and in fathers as a BMI of <18.5.
c "Normal weight" was defined in children as a BMI z score of between -1.80 and <1.10 compared with the national referent population and in fathers as a BMI of 18.5-<25.
d "Overweight" was defined in children as a BMI z score of between 1.10 and 2.30 compared with the national referent population and in fathers as a BMI of 25-30. e "Obese" was defined in children as a BMI z score greater than 2.30 compared with the national referent population and in fathers as a BMI of >30. . b "Underweight" was defined as a BMI z score lower than -1.80 compared with the national referent population. c "Normal weight" was defined as a BMI z score of between -1.80 and <1.10 compared with the national referent population. d "Overweight" was defined as a BMI z score of between 1.10 and 2.30 compared with the national referent population. e "Obese" was defined as a BMI z score greater than 2.30 compared with the national referent population.
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all psychosocial distress scales on child BMI at age 4 years (P for comparison > 0.05).
In our sensitivity analysis, we repeated maternal multivariable-adjusted models by restricting the sample to those subjects who had available data on paternal psychological distress and results remained consistent (data not shown). Similarly, when we restricted the analysis to Dutch mothers (data not shown), excluded underweight mothers or underweight children (data not shown), or adjusted the models for birth weight and birth length (Web Table 5 ), results also remained comparable.
DISCUSSION
To our knowledge, the present study is the first that separately assessed the roles of both maternal and paternal psychological distress during pregnancy on growth in preschool children. We measured a wide range of types of parental psychological distress, such as depression, anxiety, hostility, and family stress. After adjustment, neither maternal nor paternal psychological distress scores were consistently associated with growth in children up to the age of 4 years.
We used 2 approaches to assess the possible direct intrauterine effect of maternal psychological distress on child growth. First, we used multivariate regression models with adjustment for a large range of potential confounders; second, we compared the effect estimates of maternal and paternal psychological distress (24) . This second approach is not widely used because most studies do not have data on both maternal and paternal exposure measures. In our study, comparison between the odds ratios of the maternal and paternal models indicated that there were no differences between mothers and fathers in the effect of all psychosocial distress scales on offspring BMI at age 4 years. Comparison between maternal and paternal psychological distress scales was possible because of the low correlation between them. The similar associations found for both maternal and paternal exposures may indicate that social, behavioral, or environmental factors cluster with parental psychological distress and may be related to child growth. They may also explain the previously suggested associations of maternal psychological distress with child growth. Also, we observed that the effects on child growth of maternal psychological symptoms during pregnancy disappeared after adjusting for potential confounders, although paternal psychological symptoms were not associated with child growth in unadjusted models. The main confounding variable was maternal ethnicity. This finding suggests that differences between ethnic groups in the type of diet, breastfeeding practices, physical activity, smoking habits, or mother-child interaction may explain the associations of maternal psychological symptoms with child growth until the age of 4 years (1, 37). We found that family stress experienced by mothers and family stress experienced by fathers were similarly associated with child growth. This indicates that if there is any relationship between maternal family stress and child growth it is not caused by direct intrauterine mechanisms but by shared social, behavioral, Figure 2 . Associations of maternal overall psychological symptoms with A) child height; B) child weight; and C) child body mass index z scores from age 3 months to 4 years in the Generation R Study (n = 5,283), the Netherlands, 2002-2010. β coefficient is from generalized estimating equation models for a 1-unit increase in the maternal overall psychological symptoms score. The diamond symbol (♦) represents unadjusted models, and the circle symbol ( • ) represents adjusted models. Adjusted models were adjusted for maternal education, ethnicity, age, smoking during pregnancy, alcohol use during pregnancy, parity, gestational age at enrollment, marital status, and maternal and paternal body mass index (weight (kg)/ height (m) or environmental family factors. The rate of reported family stress was more similar between mothers and fathers than was the rate of reported psychological symptoms (Web Table 4 ), which enabled us to make a meaningful comparison of maternal and paternal effects on child growth. Moreover, the correlation between maternal and paternal family stress was small (r = 0.15), allowing us to study these factors independently (Web Table 4 ).
Few studies have assessed the association of maternal psychological distress during pregnancy with child growth, and they have yielded inconclusive results (12) (13) (14) (15) (16) (17) . Ertel et al. (13) showed that children whose mothers experienced depression during pregnancy weighed less for a given height but had greater central adiposity at the age of 3 years, independent of maternal sociodemographic factors and maternal BMI. In this same cohort, Ertel et al. (13) found that children whose mothers experienced postpartum depression had a greater risk of overall adiposity at the age of 3 years. As the authors pointed out, the lower proportional weight for these children and the higher central adiposity would be consistent with fetal programming of the hypothalamic-pituitary-adrenal axis, and the higher overall adiposity could be related to unhealthy behaviors, such as overeating and engaging in too little physical activity (13). Rahman et al. (15) found that infants of mothers who were depressed during pregnancy had slower growth in both weight and length during the first year of life. This study was carried out in a rural area of Pakistan. Though socioeconomic and malnutrition risk factors were taken into account, results from this study should be interpreted carefully because of specific local environmental factors, lifestyle behaviors, and sociocultural practices. Conversely, a study conducted in the United Kingdom did not find any association between maternal depression during the second or third trimester of pregnancy and weight gain during the first 9 months of life (12) . Likewise, a study conducted in the United States found no evidence that maternal depression during pregnancy was associated with reduced height in children at the age of 3 years (16) . Contrary to expectations, when a more stringent definition of maternal depression was used, maternal depression during pregnancy was associated with greater child leg length. Regarding maternal stress during pregnancy, a previous study showed that children born to mothers who experienced the death of a close relative during pregnancy had higher BMI values and a higher prevalence of overweight when they approached the age of 10 years (14) .
The strengths of our study are its population-based prospective design, large sample size, availability of maternal and paternal exposures assessed with the same instrument at the same time point, and objective measurements of the outcome with repeated data covering a wide and important period of child development. In addition, we adjusted the analyses for many socioeconomic, lifestyle, and other variables known to affect growth in childhood. The present study also has some limitations. Maternal psychological distress was measured at only 1 time point during pregnancy. We do not know whether maternal affective symptoms and stress varied in intensity or were persistent throughout pregnancy. Moreover, some studies have pointed out that maternal Abbreviations: CI, confidence interval; OR, odds ratio. a Odds ratio from a logistic regression model for a 1-unit increase in psychological distress scores, except for family stress scale, which represented the odds ratio for reporting high family stress (>2.7 points). The reference group was children classified as normal weight or underweight.
b Adjusted for maternal ethnicity. c Adjusted for maternal education, ethnicity, age, smoking during pregnancy, alcohol use during pregnancy, parity, gestational age at enrollment, partner status, and maternal and paternal body mass index (weight (kg)/height (m) 2 ).
psychological distress could have a different effect on fetal development depending on the period of pregnancy during which it occurs (14) . Another limitation is that objective measurements of parental psychological distress were not feasible in this large birth cohort, and we relied on self-report measurements. All scales except the paternal hostility scale (Cronbach's α = 0.65) showed an acceptable internal validity. The Brief Symptom Inventory (26) was validated in the Netherlands, and Dutch cutoffs are available (26, 27) . The McMaster Family Assessment Device was developed in the United States (38) and has been used in various populations (28, 39) . In this study, as in the Ontario Child Health Study, 10% of the families scored above the cutoff denoting high family stress (28) . Another limitation of our study is that BMI, a global measure of body fat (40) , was the only available marker of child adiposity. As a previous study pointed out (13) , maternal depression during pregnancy could have a different effect on central and general adiposity of offspring, especially at early ages. However, we can conclude that maternal psychological distress measured in the second trimester of pregnancy is not associated with offspring weight, height, or BMI up to the age of 4 years. Another limitation is that not all mothers and children participating in the Generation R Study were included in this analysis, and loss to follow-up was positively associated with lower socioeconomic status (data not shown). The inclusion in our analysis of a large set of variables associated with missingness may have reduced the likelihood that nonresponse biased the results. Furthermore, we did not have complete information for all variables, with a relatively high percentage of missing data for some covariates, such as paternal BMI (20.8%). However, we performed multiple imputation of missing values, which allowed us to use the entire sample in the analysis (34) .
In conclusion, we found no association between maternal psychological distress during pregnancy and growth in offspring during the preschool period. Social, behavioral, and environment factors may explain previously suggested associations between maternal psychological symptoms and obesity in childhood. Further studies should be performed by using more specific measures of adiposity and longer followup to explore whether and to what extent symptoms of maternal and paternal psychological distress during pregnancy are related to growth and development in childhood.
